Osterr. Z. Pilzk. 28 (,,2019¢ 2021) — Austrian J. Mycol. 28 (,2019* 2021) 107

The status of Iranian oomycete species in GenBank

ALI CHENARI BOUKET

Plant Protection Research Department

East Azarbaijan Agricultural and Natural Resources Research and Education Center
AREEOQ, Tabriz, Iran

E-mail: a.chenari@areeo.ac.ir

Accepted 22. November 2020. © Austrian Mycological Society, published online 15. February 2021

CHENARI BOUKET, A., 2021: The status of Iranian oomycete species in GenBank. — Osterr. Z. Pilzk.
28: 107-114.

Key words: Chromista, Oomycetes, GenBank, Iran.

Zusammenfassung: Oomyceten sind sehr vielfdltige pilzdhnliche Mikroorganismen (Chromista), die
Menschen, Pflanzen, Insekten, Algen, Tiere, Pilze und sogar andere Oomyceten befallen kénnen. Na-
hezu 900 Arten dieser umfangreichen Gruppe wurden weltweit identifiziert und anschlieend wurden
mehrere Arten aus dem Iran berichtet. Die meisten Arten wurden nur anhand der Morphologie identifi-
ziert und ihre DNA-Informationen (Sequenzen) wurden nicht an GenBank {ibermittelt. Im Hinblick auf
neue Empfehlungen in der Pflanzen- und Pilztaxonomie sollten alle untersuchten Isolate phylogenetisch
analysiert und die Sequenzen in GenBank hinterlegt werden, auch, wiel die Zugangsnummern in den
entsprechenden Manuskripten bendtigt werden. Bis jetzt sind fiinf Gattungen iranischer Oomyceten,
darunter Pythium (30 Arten), Phytopythium (5 Arten), Phytophthora (24 Arten), Saprolegnia (10 Arten)
und Achlya (5 Arten) in GenBank verfiigbar. Hier werden eine kurze Checkliste der giiltigen Oomyce-
ten-Arten und Details zum Status der Arten in GenBank diskutiert.

Abstract: Oomycetes are highly diverse fungal-like microorganisms (Chromista) that could infect hu-
mans, plants, insects, algae, animals, fungi and even other oomycetes. Near to 900 species of this exten-
sive group were identified in the world and subsequently several species were reported from Iran. Most
of the species were identified based on morphology only and their DNA information (sequences) was
not submitted to GenBank. Regarding new recommendations in plant and fungal taxonomy, all studied
isolates should be analyzed phylogenetically and sequences deposited in GenBank, implying that re-
trieved accession numbers are necessary in relevant manuscripts. Until now, five genera of Iranian Oo-
mycetes including Pythium (30 species), Phytopythium (5 species), Phytophthora (24 species), Sapro-
legnia (10 species) and Achlya (5 species) are available in GenBank. Here, a brief checklist of valid
oomycete species and details of the status of the species in GenBank will be discussed.

Oomycetes (Syn. Oomycota and Peronosporomycetes) are fungal-like microorganisms
belonging to the eukaryotic phylum Chromista (CAVALIER-SMITH 1981, DICK 2001).
Traditional taxonomy in oomycetes was generally based on morphological characteris-
tics and morphometric data, and classified them as filamentous, coenocytic, sporangia
and zoospore-forming fungal-like microorganisms (Phycomycetes). Similarity between
oomycetes and true fungi arise from convergent evolution and presence of the same
hyphal structures, life styles, e.g., saprotrophic or parasitic on different substrates in soil
and water environments (TOJO & al. 2012). Some morphological structures such as spo-
rangia, oogonia and antheridia are highly variable and absent in many species
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(LEVESQUE & DE CoOCK 2004). With the advent of new molecular genetic techniques,
several changes occurred in the systematics of oomycetes (SPARROW 1960). Sequences
of ITS-rDNA have been widely applied when studying oomycetes, but the region does
not have enough variation in even morphologically separate species (DE COCK & al.
2008, KAGEYAMA & al. 2007). Therefore, scientists suggest using several loci (e.g.,
coxl, coxIl, LSU-rDNA, SSU-rDNA) for oomycetes as concatenated phylogenetic tree
based on a consolidated species concept (BIARD & al. 1995, UZUHASHI & al. 2009,
CHENARI BOUKET & al. 2015). According to the International Code of Nomenclature
(TURLAND & al. 2018), since 1-Jan-2013 mycologists have to register new taxa with the
relevant data in one of the three main online deposits e.g., Index Fungorum, MycoBank
of Fungal Names. It is recommended to add the accession numbers of sequences which
have been submitted to GenBank or another international sequence database (Unite) to
forthcoming papers (HAWKSWORTH 2011). Here, we want to briefly present the status
of Iranian oomycetes in GenBank.

List of oomycetes

A list of the oomycetes with sequences that have been submitted to GenBank was com-
piled. Most of the quoted sequences are related to studies of Iranian phytopathologists,
although a part of them was deposited by foreign scientists. For each genus, several
identities such as number of isolates, submitted loci, published/direct submission and
substrates have been organized in three heat-maps.

Results

One and/or several loci of 76 species of the five genera Pythium, Phytopythium, Phy-
tophthora, Saprolegnia and Achlya are presently uploaded in GenBank (4. November
2020). Pythium is present with 32 species, namely P. abappressorium, P. aphaniderma-
tum, P. attrantheridium, P. carolinianum, P. catenulatum, P. debaryanum, P. dissoto-
cum, P. ershadii, P. glomeratum, P. hydnosporum, P. inflatum, P. iranense, P. kando-
vanense, P. kashmirense, P. longipapillum, P. monoclinum, P. nunn, P. oligandrum, P.
oopapillum, P. oryzicollum, P. paroecandrum, P. porphyrae, P. plurisporium, P. pyri-
lobum, P. pyrioosporum, P. rhizo-oryzae, P. spinosum, P. ultimum, P. urmianum, P.
sylvaticum, P. viniferum and Pythium sp. (ABRINBANA & al. 2016; BADALI & al. 2016,
2020; BADRBANI & al. 2018; CHENARI BOUKET & al. 2015, 2016a, b, c; GHALAMFARSA
& BOLBOLI 2014; SALMANINEZHAD & GHALAMFARSA 2019). ITS-rDNA, coxI, coxIl
and S-tubulin are the amplified loci (Fig. 1A). Soil, rice, cereals, cucumber, watermelon,
squash, ryegrass, hordeum and vegetation rhizosphere are the substrates from which
Pythium species were recovered (Fig. 1B). Status of published/direct submission is al-
ways presented in part C of the respectived figures.

Five species of Phytopythium, namely Pp. litorale, Pp. oedochilum, Pp. ostracodes,
Pp. vexans and Phytopythium sp. are present in GenBank (CHENARI BOUKET & al.
2016d, ROBIDEAU & al. 2011). ITS-rDNA and cox!I are the amplified loci (Fig. 2A).
Rice, ivy, almond and Juncus sp. are the substrates from which Phytopythium species
were recovered (Fig. 2B).
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Fig. 1. Left. Status of Pythium in GenBank. 4 Number of isolates and amplified loci, B Substrates,
C status of publication. (1 P. nunn, 2 P. glomeratum, 3 P. viniferum, 4 P. attrantheridium, 5 Pythium
sp., 6 P. carolinianum, 7 P. oryzicollum, 8 P. longipapillum, 9 P. ultimum, 10 P. paroecandrum, 11 P.
ershadii, 12 P. pyrioosporum, 13 P. urmianum, 14 P. sylvaticum, 15 P. kandovanense, 16 P. plurispo-
rium, 17 P. hydnosporum, 18 P. debaryanum, 19 P. inflatum, 20 P. rhizo-oryzae, 21 P. pyrilobum, 22 P.
kashmirense, 23 P. catenulatum, 24 P. oopapillum, 25 P. dissotocum, 26 P. porphyrae, 27 P. aphanider-
matum, 28 P. oligandrum, 29 P. monoclinum, 30 P. iranense)

Fig. 2. Right. Status of Phytopythium in GenBank. 4 Number of isolates and amplified loci, B) Substra-
tes, C) status of publication. (1 Phytopythium sp., 2 Pp. littorale, 3 Pp. ostracodes, 4 Pp. oedochilum,
5 Pp. vexans).
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Fig. 3. Left. Status of Saprolegnia in GenBank. 4 Number of isolates and amplified loci, B Substrates,
C status of publication. (1 S. maragheica, 2 S. parasitica, 3 S. diclina, 4 S. ferax, 5 S. anisospore, 6 Sa-
prolegnia sp., 7 S. anomalies, 8 S. australis, 9 S. mixta, 10 S. bulbosa)

Fig. 4. Right. Status of Achlya in GenBank. 4 Number of isolates and amplified loci, B Substrates,
C status of publication. (1 Achlya sp., 2 A. bisexualis, 3 A. recurva, 4 A. conspicua, 5 A. flagellata)
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Fig. 5. Status of Phytophthora in
GenBank. 4 Number of isolates and
amplified loci, B Substrates, C status
of publication. (1 P. parsiana, 2 Ph.
taxon banihashemiana, 3 Ph. melo-
nis, 4 Ph. pistaciae, 5 Phytophthora
sp., 6 Ph. capsica, 7 Ph. taxon wal-
nut, 8 Ph. drechsleri, 9 Ph. medi-
caginis, 10 Ph. sojae, 11 Ph. megas-
perma, 12 Ph. kelmania, 13 Ph.
pseudocryptogea, 14 Ph. inundata,
15 Ph. lateralis, 16 Ph. cryptogea,
17 Ph. erythroseptica, 18 Ph. ira-
nica, 19 Ph. palmivora, 20 Ph. aus-
trocedrae, 21 Ph. parsiniana, 22 Ph.
tropicalis, 23 Ph. cactorum, 24 Ph.
cinnamomi).
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Saprolegnia has ten species, i.e. S. anisospora, S. anomalis, S. australis, S. bulbosa,
S. diclina, S. ferax, S. maragheica, S. mixta, S. parasitica, Saprolegnia sp.) in GenBank
(LU & al. 2018, MASIGOL & al. 2020). ITS-rDNA, LSU, coxI and coxII are the ampli-
fied loci for the Saprolegnia spp. (Fig. 3A). Fresh water, aquatic environments, plant
debris from lagoon and Onchorhynchus mykiss are the substrates from which Sapro-
legnia spp. were recovered (Fig. 3B).

The genus Achlya has five species, namely A. bisexualis, A. conspicua, A. flagellate,
A. recurva, and Achlya sp. present in GenBank (MASIGOL & al. 2020). ITS-rDNA, LSU,
coxl and coxlII are the amplified loci for Saprolegnia spp. (Fig. 4A). Fresh water, aquatic
environments, plant debris from lagoon and Onchorhynchus mykiss are the substrates
from which Saprolegnia species were recovered (Fig. 4B).

Phytophthora has 24 species, namely Ph. austrocedrae, Ph. cactorum, Ph. capsici,
Ph. cinnamomi, Ph. cryptogea, Ph. drechsleri, Ph. erythroseptica, Ph. inundata, Ph.
iranica, Ph. kelmania, Ph. lateralis, Ph. medicaginis, Ph. megasperma, Ph. melonis, Ph.
palmivora, Ph. parsiana, Ph. parsiniana, Ph. pistaciae, Ph. pseudocryptogea, Ph. sojae,
Ph. tropicalis, Ph. taxon banihashemiana, Ph. taxon walnut and Phytophthora sp. pre-
sent in GenBank (MIRABOLFATHY & al. 2001; SAFAIEFARAHANI & al. 2015, 2016;
GHALAMFARSA & al. 2008, 2010; ROBIDEAU & al. 2011). ITS-rDNA, LSU, coxl, coxll,
[-tubulin, HSP90, rps10, atp9, SecY, TEF14, NAD9, NADH 1, Elicitin and rps10 are the
amplified loci for Phytophthora spp. (Fig. SA). Almond, Cucumis melo, C. sativus, date
palm, Ficus carica, Glycine max, Medicago, Onobrychis, Oryza sativa, pepper, Pistacia
vera, Pinus, pomegranate, potato, Solanum lycopersicum, Solanum and Ziziphus spina-
christi are the substrates that Phytophthora species are recovered from them (Fig. 5B).

Discussion

Iran is one of the countries in the world with most extensive ecological niches and with
diverse climate regions. Therefore, a rich biodiversity is expected. But few studies were
conducted about this diversity (KIANI & al. 2017) and especially about oomycetes, their
distribution and host ranges or substrates in Iran. Based on the submitted sequences of
Iranian oomycetes there are five genera with 74 species reported from Iran until now.
Among them some species, such as Pythium kandovanense, P. iranense, P. monoclinum,
and Saprolegnia maragheica were new species when submitted (BADALI & al. 2020,
CHENARI BOUKET & al. 2015, L1U & al. 2018). Some others were new records for the
fungi of Iran (e.g. Pythium sylvaticum, P. abappressorium) (CHENARI BOUKET & al.
2016b, c). Previously, there were several papers published in local journals solely based
on morphological features and the availability of type specimens or ex-type cultures is
not clear (CHENARI BOUKET & al. 2013). Regarding extensive overlapping of morphol-
ogy among oomycetes, correct identification of such isolates without DNA sequencing
1s dubious. Absolutely, it does not mean that old studies on oomycetes are not accepta-
ble. They are valuable and we may rely on them but should validate with polyphasic
taxonomy including sequencing. Molecular genetic studies with ITS-rDNA are common
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in oomycetes but this locus is not variable enough to distinguish the species (UETA &
ToJo 2016). Therefore, using more loci, at least two, even better more, and performing
a multi-locus strategy to produce concatenated phylogenetic trees is a strong and suc-
cessful way (CHENARI BOUKET & al. 2015). In most cases, in the Iranian oomycete
isolates just the barcoding locus ITS-rDNA was amplified. It shows that there is a gap
to meet consolidated species concept standards. Scientists have to be encouraged to go
ahead in phylogenetic analysis of several loci in their studies. When using GenBank,
another challenge are the missing updates of the many sequences merely included as
“sp.”, 1.e. unidentified, despite later available publications giving the correct taxa for the
isolates. Scientists should notify GenBank, when papers with the correct names are pub-
lished to that the sequence entries can be updated.

References

ABRINBANA, M., BADALLI, F., ABDOLLAHZADEH, J., 2016: Molecular and morphological characteriza-
tion of three new species of Pythium from Iran: P. ershadii, P. pyrioosporum and P. urmianum. —
Mycologia 108(6): 1175-1188.

BADALL F., ABRINBANA, M., ABDOLLAHZADEH, J., KHALEDI, E., 2016: Molecular and morphological
taxonomy of Pythium species isolated from soil in West-Azarbaijan province (N.W. Iran). — Rosta-
niha 17(1): 78-91.

BADALL F., ABRINBANA, M., ABDOLLAHZADEH, J., 2020: Morphological and molecular taxonomy of
Pythium monoclinum Abrinbana, Abdollahz. & Badali, sp. nov., and P. iranense sp. nov., from
Iran. — Cryptog. Mycol. 41(11): 179-191.

BADRBANI, A. H., ABBASL S., BOLBOLIL Z., JAMALL S., SHARIFI, R., 2018: Morphological and molecu-
lar characterization of oomycetes associated with root and crown rot of cucurbits in Kermanshah
province, Iran. — Mycologia Iranica 5(1): 15-27.

BIARD, M., DUTERTE, M., ROUXEL, F., BRYGOO, Y., 1995: Ribosomal RNA sequence divergence within
the Pythiaceae. — Mycol. Res. 99: 1119-1127.

CAVALIER-SMITH, T., 1981: Eukaryote kingdoms: Seven or nine? — Biosystems 14(3—4): 461-481.

CHENARI BOUKET, A., ARZANLOU, M., BABAI-AHARI, A., 2013: An annotated checklist of Pythium
species from Iran. — Arch. Phytopathol. PI. Protect. 46(1): 70—83.

CHENARI BOUKET, A., ARZANLOU, M., TOJO, M., BABAI-AHARI, A., 2015: Pythium kandovanense sp.
nov., a fungus-like eukaryotic micro-organism (Stramenopila, Pythiales) isolated from snow-cov-
ered ryegrass leaves. — Int. J. Syst. Evol. 65(8): 2500-2506.

CHENARI BOUKET, A., BABAEI-AHARI, A., BELBAHRI, L., TOJO, M., 2016 a: Morphological and molec-
ular identification of a newly recovered Pythium species, P. viniferum from Iran and evaluation of
its pathogenicity on cucumber seedlings. — Austrian J. Mycol. 26: 51-61.

CHENARI BOUKET, A., BABAEI-AHARI, A., BELBAHRI, L., TOJO, M., 2016 b: Morphological and molec-
ular identification of newly recovered Pythium species, P. abappressorium and P. spinosum from
Iran, and evaluation of their pathogenicity on cucumber seedlings. — Austrian J. Mycol. 25: 39-50.

CHENARI BOUKET, A., BABAEI-AHARI, A., BELBAHRI, L., TOJO, M., 2016 c: Morphological and molec-
ular identification of newly recovered Pythium species, P. sylvaticum and P. glomeratum from Iran,
and evaluation of their pathogenicity on cucumber seedlings. — Austrian J. Mycol. 25: 23-38.

CHENARI BOUKET, A., BABAEI-AHARI, A., ARZANLOU, M., TOJO, M., 2016 d: Morphological and mo-
lecular characterization of Phytopythium litorale and Pp. oedochilum from Iran. — Nova Hedwigia
102(1-2): 257-270.

DECoCK, A. W. A. M., LEVESQUE, C. A., MELERO-VARA, M., SERRANO, Y. & al., 2008: Pythium solare
sp. nov., a new pathogen of green beans in Spain. — Mycol. Res. 112: 1115-1121.

DIck, M. W. 2001: Straminipilous fungi. — Dordrecht: Kluwer Academic Publishers.



114 A. CHENARI BOUKET 2021: Iranian oomycete species in GenBank

GHALAMFARSA, R. M., BOLBOLI, Z., 2014: Phylogenetic relationships and taxonomic characteristics of
Pythium spp. isolates in cereal fields of Fars province. — Iranian J. Plant Pathol. 51(2): 471-492.

GHALAMFARSA, R. M., COOKE, D. E. L., BANIHASHEMI, Z., 2008: Phytophthora parsiana sp. nov., a
new high-temperature tolerant species. — Mycol. Res. 112: 783-794.

GHALAMFARSA, R. M., PANABIERES, F., BANTHASHEMI, Z., COOKE, D. E. L., 2010: Phylogenetic rela-
tionship of Phytophthora cryptogea PETHYBR. & LAFF and P. drechsleri TUCKER. — Fungal Biol.
114(4): 325-339.

HAWKSWORTH, D. L., 2011: A new dawn for the naming of fungi: impacts of decisions made in Mel-
bourne in July 2011 on the future publication and regulation of fungal names. — IMA Fungus 2(2):
155-162.

KIANI, M., MOHAMMADI, S., BABAEI, A., SEFIDKON, F. & AL., 2017: Iran supports a great share of
biodiversity and floristic endemism for Fritillaria spp. (Liliaceae): A review. — P1. Divers. 39(5):
245-262.

KAGEYAMA, K., SENDA, M., ASANO, T., SUGA, H., ISHIGURO, K., 2007: Intra-isolate heterogeneity of
the ITS region of IDNA in Pythium helicoides. — Mycol. Res. 6: 416—423.

LEVESQUE, C. A., DE COCK, A. W. A. M., 2004: Molecular phylogeny and taxonomy of the genus
Pythium. — Mycol. Res. 108: 1363—1383.

LIu, L., RAZAQ, A., ATIR, N. S., BAU, T., BELBAHRI, L., CHENARI BOUKET, A., & al., 2018: Fungal
systematics and evolution: FUSE 4. — Sydowia 70: 211-286.

MASIGOL, H., KHODAPARAST, S. A., GHALAMFARSA, R. M., ROJAS-JIMENEZ, K., WOODHOUSE, J. N.,
NEUBAUER, D., GROSSART, H., 2020: Taxonomical and functional diversity of Saprolegniales in
Anzali lagoon, Iran. — Aquat. Ecol. 54: 323-336. D0i:10.1007/s10452-019-09745-w

MIRABOLFATHY, M., COOKE, D. E. L., DUNCAN, J. M., WILLIAMS, N. A., ERSHAD, D., ALIZADEH, A.,
2001: Phytophthora pistaciae sp. nov. and P. melonis: the principal causes of pistachio gummosis
in Iran. — Mycol. Res. 105(10): 1166-1175.

ROBIDEAU, G. P., DE COCK, A. W., COFFEY, M. D., VOGLMAYR, H., & al., 2011: DNA barcoding of
oomycetes with cytochrome ¢ oxidase subunit I and internal transcribed spacer. — Mol. Ecol. Re-
sour. 11(6): 1002-1011.

SAFAIEFARAHANI, B., MOSTOWFIZADEH-GHALAMFARSA, R., HARDY, G. E. ST.J., BURGESS, T.1.,2016:
Species from within the Phytophthora cryptogea complex and related species, P. erythroseptica
and P. sansomeana, readily hybridize. — Fungal Biol. 120(8): 975-987.

SAFAIEFARAHANI, B., GHALAMFARSA, R. M., HARDY, G. E. ST.J., BURGESS, T. 1., 2015: Re-evaluation
of the Phytophthora cryptogea species complex and the description of a new species, Phytophthora
pseudocryptogea sp. nov. — Mycol. Prog. 14: 108. D0i:10.1007/s11557-015-1129-9.

SALMANINEZHAD, F., GHALAMFARSA, R. M., 2019: Three new Pythium species from rice paddy fields.
— Mycologia 111(2): 274-290. D0i:0.1080/00275514.2018.1543486.

SPARROW, F. K. Jr., 1960: Aquatic Phycomycetes. — Ann Arbor: The University of Michigan Press.

ToJo, M., VAN WEST, P., HOSHINO, T., KIDA, K., Fulll, H., & al., 2012: Pythium polare, a new hetero-
thallic oomycete causing brown discoloration of Sanionia uncinate in the Arctic and Antarctic. —
Fungal Biol. 116(7): 756-768.

TURLAND, N. J., WIERSEMA, J. H., BARRIE, F. R., GREUTER, W., & al. 2018: International Code of No-
menclature for algae, fungi, and plants (Shenzhen Code) adopted by the Nineteenth International
Botanical Congress Shenzhen, China, July 2017. — Reg. Veget. 159. — Glashiitten: Koeltz Botanical
Books.

UETA, S., ToJO, M., 2016: Pythium barbulae sp. nov. isolated from the moss, Barbula unguiculata;
morphology, molecular phylogeny and pathogenicity. — Mycoscience 57(1): 11-19.

UZUHASHI, S., TOJO, M., KOBAYASHI, S., KAKISHIMA, M. 2009. Pythium apinafurcum: its morphology,
molecular phylogeny and infectivity for plants. — Mycoscience 50: 281-290.



ZOBODAT - www.zobodat.at

Zoologisch-Botanische Datenbank/Zoological-Botanical Database
Digitale Literatur/Digital Literature

Zeitschrift/Journal: Osterreichische Zeitschrift fiir Pilzkunde
Jahr/Year: 2020

Band/Volume: 28

Autor(en)/Author(s): Bouket Ali Chenari

Artikel/Article: The status of lranian oomycete species in GenBank 107-114


https://www.zobodat.at/publikation_series.php?id=7406
https://www.zobodat.at/publikation_volumes.php?id=69914
https://www.zobodat.at/publikation_articles.php?id=507573



